Production of sunshine bass (white bass Morone chrysops / 3 striped bass M. saxatilis ?) as a food fish continues to develop rapidly as an industry in the United States. Sunshine bass production consists of three phases: phase I (4-d posthatch larvae to ;1.0-g fingerling), phase II (;1.0-g fingerling to ;100-g juvenile), and phase III (;100-g juvenile to ;650-g market-size fish). The cost of feed generally represents one of the largest variable expenses incurred during intensive production of phase-III sunshine bass. Within that category, variations in levels and sources of dietary protein affect cost and production significantly. Therefore, the determination of the requirement for protein and the optimum energy to protein (E:P) ratio has been addressed repeatedly; however, the potential use of fixed amino acid profiles and E:P ratios has not received similar attention under intensive culture conditions with phase-III fish.
Many diets used in production of sunshine bass are still formulated according to nutrient requirements for juvenile salmonids (NRC 1993) . Such formulations are extremely energy dense with respect to adult sunshine bass requirements. It has been suggested that during phase III, sunshine bass may be reared on significantly lower amounts of dietary protein and energy than are indicated by results of previous research Gatlin 1992a, 1992b; Brown et al. 1993; NRC 1993; Kasper and Kohler 2004) . Requirements for protein and optimum energy : crude protein (CP) ratios (kcal of energy/g CP) have been evaluated in small sunshine bass (Sullivan and Reigh 1995; Webster et al. 1995) ; however, similar studies considering protein reduction as a result of fixing amino acid profiles and simultaneously reducing energy and that use phase-III fish have not been performed. Utilization of diets wherein similar amino acid profiles are maintained will probably provide for greater control than the use of diets with highly variable amino acid profiles, as is often the case in studies where the reduction of protein and/or energy is considered exclusively. Application of this formulation strategy may permit reductions in dietary protein while still maintaining optimal growth Methods Fish husbandry.-Sunshine bass reared in vertical raceways at the Southern Illinois University-Carbondale pond complex until the onset of phase III (see Volkman et al. 2004) were stocked on 8 March 2002 into 0.04-ha ponds (n ¼ 12) at a density of 6,188 fish/ ha. Ponds were aerated continuously by use of 1-hp paddle-wheel aerators. Fish were initially fed a trout grower diet (3 mm; Silvercup, Murray, Utah) containing 40% CP once daily at a rate of 0.5% body weight for 10 weeks. After this acclimation period, a 50-fish subsample was removed from each pond to determine initial total length (TL) in millimeters and weight (W) in grams for calculation of condition factor (K ¼ W/ TL 3 ; Table 1 ). The samples of fish were then returned to their respective ponds. Four ponds were randomly assigned to each of three dietary treatments, and the study was initiated. Fish were fed once daily to satiation until harvest on 18 November 2002. The amount of feed consumed was recorded daily. During the study, water temperature and dissolved oxygen were measured daily at 0800 hours by use of a YSI Model 55 dissolved oxygen meter (Yellow Springs Instruments, Inc., Yellow Springs, Ohio); total ammonia-nitrogen, nitrite-nitrogen, pH, alkalinity, and total hardness were determined from weekly water samples with a LaMotte AQ-2 water quality test kit (LaMotte, Chestertown, Maryland) . Dissolved oxygen, ammonianitrogen, and nitrite-nitrogen did not exceed recommended parameters for culture of sunshine bass (Kohler 2000) . Water pH averaged 6.8, while alkalinity and total hardness remained above 60 mg/L.
Experimental diets and diet manufacturing.-Experimental diets used in this study were formulated to meet or exceed the known protein and energy requirements of hybrid striped bass (Griffin et al. 1992; Keembiyehetty and Gatlin 1992; Gatlin 1992a, 1992b; Griffin et al. 1994a Griffin et al. , 1994b Griffin et al. , 1994c Brown 1995; Gallagher 1997) . Three experimental floating diets (diets 1-3) were mixed by Land O'Lakes Feed (Kansas City, Missouri) and were formulated to contain 32, 36, or 40% CP and 3, 000, 3, 360, or 3, 760 kcal/kg feed, respectively (Tables 2, 3) , resulting in a consistent E:P ratio of 9.3 kcal/g CP following formulations similar to those of Nematipour et al. (1992a) . Diets used in this study were extruded by Wenger (Sabetha, Kansas). Experimental diets were refrigerated until use.
Sample collection.-After the feeding trial, all fish from each pond were weighed in bulk and counted individually to determine production. Additionally, a random sample of 50 fish was collected from each pond; each of these fish was individually weighed (nearest g) and measured for TL (nearest mm) for calculation of K. Also, 25 fish were randomly removed from each pond and were dressed (gilled and gutted). Total feed consumption for the duration of the study was determined for each pond for use in calculating the feed conversion ratio.
Statistical analysis.-Data were analyzed in a completely randomized design wherein each pond was the experimental unit. The accepted level of significance was 0.05. All statistical analyses were performed in the Statistical Analysis System (SAS Institute, Cary, North Carolina). If significant differences were detected by analysis of variance, then the Student-Newman-Keul's test was used to separate treatment means.
Results
Total production rates (mean 6 SE) were 2,851 6 300, 2,895 6 96, and 2,953 6 71 kg/ha (Table 4 ) and total harvest rates (mean 6 SE) were 4,202 6 205, 4,253 6 195, and 4,178 6 24 kg/ha (Table 5) for the 32-, 36-, and 40%-CP diets, respectively; these variables were not significantly different among treatments. Percent survival (mean 6 SE) was 93 6 5, 88 6 4, and 90% 6 1% for the fish fed 32-, 36-, and 40%-CP diets, respectively, and did not significantly differ among treatments (Table 3 ). Individual fish (3, 360) 217 6 27 247 6 8 1,357 6 46 781 6 29 1.43 6 0.02 1.99 6 0.03 40 (3, 760) 209 6 27 244 6 9 1,308 6 61 782 6 23 1.42 6 0.02 1.96 6 0.02
REDUCED PROTEIN FOR SUNSHINE BASS PRODUCTION 265 weights (mean 6 SE) at harvest also were not significantly different, reaching 726 6 20, 781 6 29, and 782 6 23 g for fish fed 32-, 36-, and 40%-CP diets, respectively (Table 1 ). The dressed percentage based on 25 fish from each pond did not vary relative to nutrient density and averaged approximately 80% of whole-fish weight. Feed conversion ratios (mean 6 SE) were 3.0 6 0.2, 2.8 6 0.1, and 2.6 6 0.6 and protein conversion ratios were 0.97 6 0.07, 1.01 6 0.03, and 1.04 6 0.02 for the 32-, 36-, and 40%-CP diets, respectively; these values were not significantly different. The hepatosomatic index ([liver weight/fish weight] 3 100) averaged nearly 4 and was not significantly affected by dietary treatment. Sunshine bass were grouped into five size-classes (based on industry values) per pond for comparative purposes (Tables 5, 6 ). Variation among treatment groups was not significantly different except that the 36%-CP group contained significantly more fish within the 908-1,135-g size-class than did the other two treatments. Subsequent revenue generated from projected sales of fish were also unaffected by dietary treatment. Feed costs were $0.447, $0.493, and $0.541 per kilogram for the 32-, 36-, and 40%-CP diets, respectively, resulting in a production cost attributable to feed of $1.34, $1.38, and $1.41 per kilogram of gain, respectively.
Discussion
Growth of phase-III sunshine bass in this study was similar regardless of dietary treatment, indicating that reduction of dietary protein is a viable feeding strategy to use during phase-III sunshine bass production. Our production results are similar to those obtained by D'Abramo et al. (2000) with phase-III fish, although in the present study fish fed 32%-CP diets performed as well as those fed 36%-CP diets. Similar results were obtained by Kasper and Kohler (2004) when feeding diets containing 32% CP and 355 kcal/100 g CP to phase-III sunshine bass that were reared in an indoor recirculation system. Our results are also comparable to observations made in studies of channel catfish Ictalurus punctatus wherein similar feeding strategies and techniques were used Li 1998, 1999; Li et al. 2003) . Li (1999, 2003) found that channel catfish still exhibited maximum growth regardless of stocking density when they were fed a 28%-CP diet to satiation. To maintain the E:P ratio at 9.3 kcal/g CP in this study, our 40%-CP diet contained approximately 17% crude lipid (11.5 g), which is energy dense for hybrid striped bass and which may have negatively affected the growth of phase-III fish in this study. Elevated dietary lipids may facilitate triglyceride and glycogen accumulation in hepatic tissues, resulting in impaired liver function and reduced fish growth, and have been of significant concern in studies of coolwater species, including sunshine bass (Nematipour and Gatlin 1992a , 1992b Webster et al. 1995) palmetto bass (white bass ? 3 striped bass /) Brown et al. 1993) , and yellow perch Perca flavescens (Brown et al. 1996) , as well as coldwater species such as rainbow trout Oncorhynchus mykiss (Yang and Dick 1994) and brown trout Salmo trutta (Arzel et al. 1994 ). This often results in elevated liver weight, which may be an indication of compromised fish health. Hepatosomatic index results from our study are in agreement with those of Webster et al. (1995) , Keembiyehetty and Wilson (1998) , and D'Abramo et al. (2000), all of whom used diets containing similar E:P ratios. However, our hepatosomatic index values are somewhat higher than those reported by Nematipour et al. (1993) . Considering the K (Table 1 ) and hepatosomatic index (Table 4 ) of fish in this study, the elevated dietary lipid content did not appear to negatively impact fish growth performance. However, we did not measure the total liver lipid content, nor was the fatty acid composition evaluated; these factors should be considered in future studies investigating diets of this nature in hybrid striped bass production.
It is important to note that excessive individual size variation within a pond is often exacerbated by feeding low-energy feeds, especially when fish are not fed to satiation Li 1998, 1999) . Therefore, care must be taken when evaluating the effectiveness of feeding strategies that use low-protein, low-energy diets, especially for carnivorous fish such as hybrid striped bass. Often, feed consumption will be inversely correlated with concentrations of dietary protein and energy, and subsequent weight gain exhibited by fish will be based on among-treatment differences in the amount of feed consumed. If variation within production ponds becomes significant or if feed prices are highly volatile, profits may be reduced since not all fish will have reached market size. At the time this study was conducted, the differences in feed cost per pound of fish produced were not significantly different between treatments and furthermore did not exhibit a significantly negative impact on the overall production characteristics of this study.
In studies investigating reduced protein and energy (3, 360) 54 6 0 z 816 6 209 z 2,542 6 140 z 1,723 6 324 z 4,253 6 195 z 40 (3, 760) 55 6 1 z 998 6 240 z 2,856 6 105 z 981 6 347 y 148 6 5 z 4,178 6 24 z a Based on five industry standards for marketable-size sunshine bass: (1) very small (340-454 g); (2) small (454-680 g); (3) in fish feeds, size variation within dietary treatments may be exacerbated and can negatively influence overall production. In the present study, variation in individual fish size within each treatment was observed in each pond (Table 5) . Therefore, determining the profits resulting from sale of fish seemed warranted, especially since fish command graded market values that increase with increasing size. When market prices were applied to the production levels achieved in this study, no significant differences from dietary treatment were observed (Table 6 ). Although the 36%-CP ponds contained significantly more fish within the 908-1,135-g size-class than did other ponds and although 32%-CP ponds contained more fish within the 454-680-g size-class, the revenue generated from these ponds was not significantly different. The size variation within ponds turned out to exert minimal impact on the total production of fish in this study; moreover, total revenue calculated from sales of fish within these categories was not significantly different with respect to treatment. Our results suggest that feeding diets containing 32%-or 36%-CP with an E:P ratio of 9.3 kcal/g protein during the latter portion of phase-III sunshine bass grow out may be possible without sacrificing time to market or profits. Although survival for all dietary treatments was high (averaging nearly 90%), fish fed the 32%-CP diet (3,000 kcal/kg) exhibited the most size variation overall among treatments. Despite the lack of significant differences in our study, the 32%-CP diet (9.3 kcal/g CP) may be marginally nutrient limiting for sunshine bass entering phase-III production, and some fish may not have exhibited maximal growth on this diet. Therefore, reserving the 32%-CP diets until fish are slightly larger may serve as a superior feeding strategy than merely switching to a 32%-CP diet upon inception of phase III. Further study of phase feeding strategies is clearly warranted. Provision of more dietary energy might increase protein sparing to allow for 30%-or even 28%-CP feeds to be considered in phase-III production.
Variation exhibited by fish that were fed the 32%-CP diet might be an artifact of feeding frequency. Liu and Liao (1999) observed that sunshine bass fed three meals per day exhibited less size variation in a study of feeding regimens for juvenile fish (mean individual weight ¼ 12.5 g). The variation in length and weight of phase-III sunshine bass fed twice daily to satiation in a recirculation system (Kasper and Kohler 2004) was less than that of fish used in the current pond study. Additionally, Jobling (1983) suggested that the incidence of reduced growth seen in Arctic char Salvelinus alpinus is an artifact of social hierarchy and may be decreased when fish are fed frequently. Due to the cannibalistic nature of younger sunshine bass, feeding fish more than once daily may effectively minimize size variation.
Feed conversion ratios in this study were similar to those of pond-reared sunshine bass fed similar diets (D'Abramo et al. 2000) and sunshine bass fed practical diets under caged conditions (Webster et al. 1995 (Webster et al. , 2001 ; however, values were notably higher than those obtained in feeding trials with fish reared in indoor recirculation systems (Nematipour et al. 1992a (Nematipour et al. , 1992b Gaylord and Gatlin 2000; Rudacille and Kohler 2000; Kasper and Kohler 2004 ). This contrast is probably a result of fluctuations in summer water temperatures in ponds relative to the more stable temperatures often achieved in indoor water reuse systems. D 'Abramo et al. (2000) noted that prolonged water temperatures exceeding 308C adversely affected the feed conversion of phase-III sunshine bass reared in ponds. Similar observations have been made for indoor culture (Keembiyehetty and Wilson 1998) . The optimal temperature for sunshine bass is reportedly near 268C (Hodson 1989) . Wu (1995) estimated that as much as 95% of nitrogenous wastes in aquaculture environments are contributed by feed. McGoogan and Gatlin (1999) observed that increases in nitrogen excretion occurred when diets containing excessive energy were fed to red drum Sciaenops ocellatus. Because excessive dietary protein with respect to nonprotein energy may increase ammonia excretion in fish, the catabolism of dietary protein often results in nitrogen excretion from gills into the water and facilitates eutrophication (Kaushik and Cowey 1991) . One concern about feeding lowerprotein, lower-energy diets is that increased feed (3, 360) 58 6 0 z 946 6 242 z 3,126 6 86 z 2,240 6 421 z 6,328 6 217 z 40 (3, 760) 60 6 1 z 1,146 6 278 z 3,513 6 129 z 1,276 6 451 x 201 6 7 z 6,066 6 275 z 268 consumption might contribute equal amounts of nitrogen to the aquatic system, resulting in enhancement of eutrophication. Hargreaves and Tucker (2005) have also recently discussed the sublethal effects of nitrogenous compounds within the pond environment; these effects include reduced growth, poor feed conversion, and reduced immunocompetence, all of which are detrimental to hybrid striped bass pond production. Those authors specifically targeted the source of ammonia excretion (ultimately from food) as a primary source of pond nitrogen. During summer months, photosynthesis would buffer against dramatic rises in nitrogen levels within ponds. However, nitrogen reductions from feed would tend to reduce nitrogen levels during late afternoons, which should improve water quality and which should be especially beneficial as water temperatures decrease during fall and winter months and during wintering (i.e., when bacterial photosynthesis is reduced). It is therefore tempting to speculate that the reduction in pond ammonia levels by administering lower-protein, lowerenergy feeds might well reduce the total ammonia nitrogen that is contributed to the culture environment. Although total ammonia nitrogen, nitrite-nitrogen, and nitrate-nitrogen levels did not exhibit significant fluctuations during this experiment, further study will be needed to determine the absolute effects of reducedprotein feeds on pond nitrogen levels. Feed costs still constitute the largest annual variable cost in aquaculture production and represent an area where highly effective reductions in overall production cost may be achieved through close adherence to sound feeding practices and proper application of low-cost, nutritionally efficacious feeds (Carlberg et al. 2000) . Although the market price of feeds often substantially affects production costs, the bottom line of production is often the price per kilogram of fish produced and subsequent generation of revenue, especially in markets where fish are sold whole or live. Considering the similarity in fish production among the evaluated treatments and the significant difference in average feed cost, a closer examination of cost per kilogram of fish produced seems warranted. Feed cost per kilogram for diets used in this study were $0.447, $0.493, and $0.541 for the 32-, 36-, and 40%-CP feeds, respectively, resulting in production costs attributable to feed of $1.34, $1.38, and $1.41 per kilogram, respectively. When these numbers were applied to the densities in this study, an estimated savings of approximately $599.00 per hectare was partially achieved by the use of 32-and 36%-CP feeds. Accordingly, given the results of the present study, utilization of reduced-protein and reduced-energy diets during phase-III sunshine bass production appears to be a viable alternative feeding strategy to currently practiced culture methods.
